Background: both genetic and environmental contributions to risk of depression have been identified, but estimates of their effects are limited. Commonalities between major depressive disorder (MDD) and self-declared depression (SDD) are also unclear. Dissecting the genetic and environmental contributions to these traits and their correlation would inform the design and interpretation of genetic studies.
Introduction
Depression has a pattern of familial aggregation, which implies the influence of genetic effects, common environmental effects shared by relatives, or both. The genetic component (heritability) has been estimated by a twin study of major depressive disorder (MDD) to be 37% 1 . The SNP heritability (heritability attributed to common genetic variants) of MDD varies across populations and samples (0·21~0·32) 2,3 . Subsequently, a 'children of twins' study found a significantly greater risk of depression in children of depressed monozygotic (MZ) twins than in the offspring of their non-depressed twin 4 . This implies a potential environmental effect of parental depression on offspring 4 . Studies have also shown that having a partner with psychiatric disorder may increase an individual's risk of MDD 5,6 , but metaanalytic studies suggest no effect of the shared sibling environment and other studies have postulated more complex relationships 7 . Whilst each of these studies separately provided evidence for the genetic and familial environmental components in depression, a precise separation of these potential effects should involve estimating them simultaneously in the same model and has yet to be achieved.
The accurate separation and estimation of the genetic and environment components on liability to depression provides crucial information, as it reveals the upper limit of the genetic effects, the likely returns of genetic studies and the potential for accurate risk predictions 8, 9 . Genetic studies attempting to map causal variants have been performed for various definitions of depression. These include clinically assessed depression, self-report of clinical diagnosis of depression and self-reported depressive symptoms 10-13 , but the findings are generally inconsistent, which suggests intrinsic heterogeneity across depression definitions. This is further supported by the fact that studies show very different heritability estimates of depression phenotypes in addition to MDD ( ݄ ଶ ൌ 3 7 % ) 1 : perceived stress: 44% 14 ; nine depression definitions in women: 21%-45% 15 ; depressive symptom scores in childhood: 79% 16 and depressive symptoms in an elderly population: 69% in women and 64% in men 17 .
Because of the heterogeneity across depression definitions, there has been a long debate about the correct phenotype for depression genetic studies. Studies using clinically-assessed depression definitions could provide findings that are directly informative for clinical application. However, the resources required for data collection are generally very high 10 . As an alternative, measuring self-reported depression requires fewer resources and is rapidly becoming available for many population-based datasets 12, 13 . To date, the largest published GWAS of major depression has yielded 15 significant loci for a self-reported clinical diagnosis 12 .
Given that important progress is being made from GWASs on different depression definitions, it becomes increasingly important to understand the similarities and dissimilarities across different definitions. Particularly, the difference in genetic and environmental loadings might underpin the inconsistent results from genetic studies across different depression definitions. Therefore, dissecting the phenotypic variance of each depression definition and understanding the similarities and dissimilarities between those phenotypes in the context of both genetic and common environmental components is particularly important for interpreting the results from published depression studies and for informing genetically relevant depression phenotypes for future studies.
In this study we sought to partition the phenotypic variation of the diagnosed depression (MDD) and the self-declared depression (SDD) into its genetic and familial environment components using Linear Mixed Modeling (LMM 
Methods and Materials
The Tayside Research Ethics Committee (reference 05/S1401/89) provided ethical approval for the study. 
Datasets

Phenotypes
Lifetime Diagnosis of MDD: The Structured Clinical Interview for DSM-IV(SCID) was used 21 : participants who screened positive (21·7%) were invited to continue to an interview using the SCID modules for mood disorders 22 . Participants who screened positive but refused to undergo the structured clinical interview (N=507, 2·4%) and
those with a diagnosis of bipolar disorder (N=76) were excluded from the study.
Self-declared depression (SDD): the participants were invited to answer the following question "please mark an X in the box if you have been affected by depression".
Partitioning the phenotypic variation
Based on the framework of the (3) among the variance components satisfying both (1) and (2), it had the lowest P value in the Wald test. This process was repeated until no more variance components satisfied criteria (1), (2) and (3).
Bivariate GREML analysis for MDD and SDD
Using the results obtained from the above analyses, we then estimated the relative contributions of each major contributing genetic and environmental components to the correlation between MDD and SDD. We used the GCTA-bivariate GREML analysis 25, 26 to estimate the correlation between the two traits in the SNP-associated genetic component, the pedigree-associated genetic component and the shared couple environment component simultaneously. Each estimated correlation was tested to determine significance of its difference from both 0 and 1. ) ( Figure 1 ). The results were presented in Table 1 . For MDD, 10%
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(se=5%) of the phenotypic variance is attributable to the common genetic variants (݄ ଶ ) and 20% (se=12%) is to the additional genetic variation associated with pedigree (݄ ଶ ).
For SDD, 22% (se=7%) of the phenotypic variance is attributable to the common genetic variants (
݄ ଶ
) and 50% (se=15%) is to the additional genetic variation associated with pedigree (݄ ଶ ). The proportion of total additive genetic determinant (narrow-sense heritability:
) was 30% for MDD and 72% for SDD. For the three familial environmental components, LRT for the couple-shared environmental effect was significant for SDD (0·17 (se=0·10)), but was not significant for MDD 
genetic components for both traits, suggesting that the full model effectively reduced the confounding environmental effects when estimating the heritability ( Figure 2 , Table 1 ).
As shown in previous work, the full model, although accounts for all of the five potentially influential effects, may have difficulty in separating major contributors to depression from minor contributors because of correlated effects 23 . In order to address this problem 23 , we applied stepwise model selection 23 to identify the major contributors to variation in the two depression traits.
Using forward stepwise selection, the common variant-associated-genetic effect, pedigree-associated-genetic effect and couple-shared environmental effects were retained in the final model for both MDD and SDD (the GKC model as shown in Table s2A ). For SDD, common variant-associated-genetic, pedigree-associated-genetic effect and coupleshared environmental effects was selected (the GKC model as shown in Table s2B ).
The relative contribution of each variance component to SDD and MDD in the GKC model is shown in Figure 3 .
The model that included common variants-and pedigree-associated-genetic and couple-shared environmental effects (the GKC model) was selected as the most parsimonious model in three out of the four model selections for the two traits (for the interpretation of GF model for MDD see Text s3). The three effects were therefore recognized as the major variance contributors for depression. We further explored the contribution of each of these contributors to the correlation between MDD and SDD. The phenotypic correlation between MDD and SDD is 0·45
(Phi coefficient, P < 2·2x10 -16 ). The estimate of the common variants-associated genetic correlation was 1·00 (se=0·21), with this estimate being significantly different from 0 (P lrt_H0:r=0 = 2·8x10 -5 ) and not significantly different from 1(P lrt_H0:r=1 =0·5).
The estimate of the pedigree-associated genetic correlation was 0·58 (se=0·08, P lrt_H0:r=0 =2·1x10 -10 , P lrt_H0:r=1 =5·6x10 -7 ), and the estimate of the couple-shared environmental correlation was 0·53 (se=0·22, P lrt_H0:r=0 = 0·06, P lrt_H0:r=1 = 0·05)( Table 2) .
Discussion
This study presented the first application of variance component models, so far as any of the authors are aware, simultaneously accounting for five genetic and familial environment factors to MDD and SDD. We made use of a large Scottish sample composed of both close and distant relatives with genome-wide genotyping data in a series of variance components analyses. We showed that the common variants-and pedigree-associated genetics and the couple-shared environmental effects are the major factors influencing liability to both clinically assessed and self-reported depression. After breaking down the correlation between the two traits into each contributing effect, the correlation between SDD and MDD was very high (r=1·00, se=0·21) for common variant-associated genetic effects and moderate for both the pedigree-associated genetic effect(r=0·58, se=0·08) and the couple-shared environmental effect (r=0·53, se=0·22). 
The estimates of both the common variant-associated and the pedigree associated genetic effects are much lower in MDD (݄ ଶ =0·10 (0·05), We failed to detect a full-sibling environmental effect in either trait, which was consistent with a previous study that suggested minimum contribution of the sibling environmental effect in MDD 1 . Our findings suggested that the two genetic effects and the couple-shared environmental effects were the most significant contributors of depression. In total, the selected GKC model explained 60% (se=8%) and 98%
(se=9%) of the phenotypic variation in MDD and SDD, respectively (Figure 3) .
Strikingly, the effect of the shared couple environment contributed as much as 14% 1 6 (se=7%) to 22% (se=7%) of the phenotypic variance in MDD and SDD respectively.
The role of the couple effect has been suggested in a Finnish study which showed that the partner's MDD status associates with the MDD risk in non-psychiatric subjects 5 .
Our results provided additional evidence for the couple-shared environmental effect and indicated that the magnitude of this effect is high. These results suggest that the inclusion of partners, whilst logistically attractive for researchers of depression, might introduce confounding if additional adjustment is not made. It may be helpful for future genetic studies to be aware of these potential biases and to either avoid the recruitment of couples, or model their effects appropriately. This finding also suggests that in clinical practices, apart from the traditional attention to the family history of 
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